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ABSTRACT 
Heterobimetallic complexes have gained much attention 
recently; mainly as the complexes serve as good enzyme 
model mimics due to cooperative phenomena, electron 
transfer and magnetic interaction between metal centers, 
e.g. the binding of dioxygen by a transition metal is not 
a simple Lewis acid/base reaction but involves electron 
transfer from metal to dioxygen, forming a coordinated 
superoxide ion. Thus, the requirement for the enzyme model 
which binds dioxygen is that the metal centers must be 
coordinatively unsaturated and secondly, they must have a 
redox potential favouring oxidation. In nature, Nj fixation, 
photosynthetic Og evolution, oxidative phosphorylation and 
hydrogenase chemistry all utilize metalloenzyme systems to 
catalyse multielectron redox reactions. Thus emphasis has 
been laid to synthesize enzyme mimic complexes favouring 
redox potential patterns. 
In heterobimolecular complexes the metal complexes are 
utilized as ligands and have the ability to receive a donor 
atom from another metal complex molecule, a self-assembly 
process occurs leading to such bimolecular complexes. These 
complexes have become subject of interest also due to 
interesting magnetic properties. For example, bimetallic 
assemblies have been investigated as molecular based 
magnets. 
Another possible application involves luminescence 
detection ior DNA binding interaction or protein binding 
interaction. This is a favourable method for diagnostic 
purposes and suggests that it may be possible to destroy 
diseased cell by a photosensitization mechanism within the 
cell nucleus. However, the activity of an effective drug 
depends on factors of a host including the biodistribution, 
the mode of localization, the binding affinity in the vicinity 
of target the nature and specificity of the binding interaction. 
An attempt has been made to synthesise new 
heterobimolecular complexes of the type [SBM(en*)2Cl M'JClg 
(where M-= Si'v, Sn'^ and Zr'^ - M'=Ni", Cu",en*=deprotonated 
ethylene diamine,SB=deprotonated Schiff base). They were 
characterized by elemental analysis, IR, ^^ C N.M.R., ^H 
NMR, "^Sn NMR, UV/visible, EPR spectroscopy, magnetic 
moment and molar conductance measurements. All the 
complexes are ionic in nature except the [SB SnCI(en*)2Nil 
which is a covalent one due to the transfer of the anion 
i i 
from the outer sphere of the [NUenjJClg to [SB-Sn] and 
due to the change of Sn"-Sn'V-^>Ni"-NiO . On the basis 
of spectral studies it has been concluded that Si'^jSn"^ and 
Zr'^ are six coordinated in the complexes while Ni and Cu 
are four coordinated. lSnSBCu(en*)2Cl] complex interacts 
with DNA and a very significant result has been obtained. 
This is because of two binding centers available (Sn'^ and 
Cu") and both the metal ions have their own selectivities. 
Sn'^ is coordinated with DNA sugar phosphate while Cu" 
ion binds through N^-Guanine. However, it has been 
observed that monometallic complexes are less reactive than 
bimolecular complexes. 
Heterobimolecular complexes of metallated 2,2-bis 
(1H,3H,5H) pyrimidine-4,6-dione (1,2) diimino-(SB) and bis-
ethylene diamine Cu"/Ni" chlorides were synthesized. All the 
complexes have been characterised by elemental analysis IR, 
13C NMR, ^H NMR, "^Sn NMR^ EPR, UV/visible spectroscopy, 
magnetic susceptibility and molar conductance measurements. 
On the basis of spectral data and molar conductance 
measurements it has been concluded that metal ion in Schiff 
base complexes acquires square planar geometry which 
changes to octahedral environment after formation of 
1 1 1 
bimolecular complex. Redox behaviour with Mn" /Sn" (SB) 
has also been studied. 
The interaction of Cu" complex with protein has been 
studied by fluorescence quenching. The binding constants 
(Ka) and rational quench (Q) was determined. 
In another set of experiments new heterobimolecular 
complexes of transition metal ion with 5-nitro-indazole in 
presence of bis-l,2-diamino ethane Cu"/Ni" chloride of the 
type [M(5-nitro-Ind)2M'(en*)2Cl2] or lFe(5-nitro-Ind)2 M'(en*)2 
CI2] CI have been prepared. All the complexes have been 
characterized by IR, UV/vis ib le , E.P.R. spectroscopy, 
elemental analysis, magnetic moment and molar conductance 
measurement. 
The spectral studies and molar conductance 
measurements in DMF suggest their covalent nature except 
[Fe(5-nitro-Ind)2 M'len'lgCIglCl which is a 1:1 electrolyte. An 
octahedral geometry for M and square planar for M' has 
been proposed in bimolecular complexes. The lowering of 
magnetic moment values and overlapping of e.p.r. signals 
are due to spin cross over, since both the metal have 
unpaired electrons with same molecular symmetry. In 
iv 
addition, the toxicity of tlie bimolecular complexes has also 
been checked against cockroaches. The % mortality in terms 
of LDgQ has been evaluated. 
An extensive study of poly (pyrazole borate) anions with 
transition metals has been done by Trofimenko et al. So 
far there is no report on borates of macrocycles except for 
some crown ethers and phthalocyanine. Here, we report new 
heterobimolecular borates of the type [MiUBHgM'iUlClg 
(where M = Cu« , Ni" ,M'=Ni" and Zn"^L=l, 8 dihydro, 1,3,6, 
8,10,13 hexa aza cyclotetradecane). They have been 
prepared and characterized by various physico-chemical 
methods. All the complexes were ionic in nature. 
Due to strucutural similarity, one complex [Cu (L) BHg 
Zn(L)lCl3 has been studied for SOD activity. The effect of 
borate on iron ascorbate induced DNA damage was also 
studied. The dismutation of superoxide anion production by 
xanthine-xanthine oxidase system may be due to interaction 
of superoxide anion with the Cu" ion in the borate which 
is reduced as a result of transfer of an electron from 
superoxide anion to copper moeity of the complex. 
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ABSTRACT 
Heterobimetallic complexes have gained much attention 
recently; mainly as the complexes serve as good enzyme 
model mimics due to cooperative phenomena, electron 
transfer and magnetic interaction between metal centers, 
e.g. the binding of dioxygen by a transition metal is not 
a simple Lewis acid/base reaction but involves electron 
transfer from metal to dioxygen, forming a coordinated 
superoxide ion. Thus, the requirement for the enzyme model 
which binds dioxygen is that the metal centers must be 
coordinatively unsaturated and secondly, they must have a 
redox potential favouring oxidation. In nature, Ng fixation, 
photosynthetic O^ evolution, oxidative phosphorylation and 
hydrogenase chemistry all utilize metalloenzyme systems to 
catalyse multielectron redox reactions. Thus emphasis has 
been laid to synthesize enzyme mimic complexes favouring 
redox potential patterns. 
In heterobimolecular complexes the metal complexes are 
utilized as ligands and have the ability to receive a donor 
atom from another metal complex molecule, a self-assembly 
process occurs leading to such bimolecular complexes. These 
complexes have become subject of interest also due to 
interesting magnetic properties. For example, bimetallic 
assemblies have been investigated as molecular based 
magnets. 
Another possible application involves luminescence 
detection for DNA binding interaction or protein binding 
interaction. This is a favourable method for diagnostic 
purposes and suggests that it may be possible to destroy 
diseased cell by a photosensitization mechanism within the 
cell nucleus. Hou'ever, the activity of an effective drug 
depends on factors of a host including the biodistribution, 
the mode of localization, the binding affinity in the vicinity 
of target the nature and specificity of the binding interaction. 
An attempt has been made to synthesise new 
heterobimolecular complexes of the type [SBMlen'jgCl M'JClg 
(where M-= Si'^, Sn'^ and Zr'^. M'=Ni", Cu",en*=deprotonated 
ethylene diamine^SB=deprotonated Schiff base). They were 
characterized by elemental analysis, IR, ^^ C N.M.R., ^H 
NMR, ii'Sn NMR, UV/visible, EPR spectroscopy, magnetic 
moment and molar conductance measurements. All the 
complexes are ionic in nature except the jSB SnCUen*)2Ni] 
which is a covalent one due to the transfer of the anion 
i i 
from the outer sphere of the [NiienjglClg to [SB-Sn] and 
due to the change of Sn"-Sn'V-^>Ni"-Ni° . On the basis 
of spectral studies it has been concluded that Si'^,Sn'^ and 
Zr'^ are six coordinated in the complexes while Ni and Cu 
are four coordinated. {SnSBCu(en*)2Cl] complex interacts 
with DNA and a very significant result has been obtained. 
This is because of two binding centers available (Sn'^ and 
Cu") and both the metal ions have their own selectivities. 
Sn'^ is coordinated with DNA sugar phosphate while Cu" 
ion binds through N^-Guanine. However, it has been 
observed that monometallic complexes are less reactive than 
bimolecular complexes. 
Heterobimolecular complexes of metallated 2,2-bis 
(1H,3H,5H) pyrimidine-4,6-dione (1,2) diimino-(SB) and bis-
ethylene diamine Cu"/Ni" chlorides were synthesized. All the 
complexes have been characterised by elemental analysis IR, 
i^C NMR, ^H NMR, "^Sn NMR^ EPR, UV/visible spectroscopy, 
magnetic susceptibility and molar conductance measurements. 
On the basis of spectral data and molar conductance 
measurements it has been concluded that metal ion in Schiff 
base complexes acquires square planar geometry which 
changes to octahedral environment after formation of 
1 1 1 
bimolecular complex. Redox behaviour with Mn" /Sn" (SB) 
has also been studied. 
The interaction of Cu" complex with protein has been 
studied by fluorescence quenching. The binding constants 
(Ka) and rational quench (Q) was determined. 
In another set of experiments new heterobimolecular 
complexes of transition metal ion with 5-nitro-indazole in 
presence of bis-l,2-diamino ethane CuVNi" chloride of the 
type [M{5-nitro-Ind)2M'(en*)2Cl2l or [Fe(5-nitro-Ind)2 M'(en*)2 
Clgj CI have been prepared. All the complexes have been 
characterized by IR, UV/visible, E.P.R. spectroscopy, 
elemental analysis, magnetic moment and molar conductance 
measurement. 
The spectral studies and molar conductance 
measurements in DMF suggest their covalent nature except 
lFe(5-nitro-Ind)2 M'(en*)2Cl2lCl which is a 1:1 electrolyte. An 
octahedral geometry for M and square planar for M' has 
been proposed in bimolecular complexes. The lowering of 
magnetic moment values and overlapping of e.p.r. signals 
are due to spin cross over, since both the metal have 
unpaired electrons with same molecular symmetry. In 
iv 
addition, the toxicity of the bimolecuiar complexes has also 
been checked against cockroaches. The % mortality in terms 
of LDgQ has been evaluated. 
An extensive study of poly (pyrazole borate) anions with 
transition metals has been done by Trofimenko et al. So 
far there is no report on borates of macrocycles except for 
some crown ethers and phthalocyanine. Here, we report new 
heterobimolecular borates of the type IMlUBHgM'lLJlClg 
(where M = Cu" , Ni" ,M'=Ni« and Zn" L = l , 8 dihydro, 1,3,6, 
8 ,10 ,13 hexa aza cyclotetradecane). They have been 
prepared and characterized by various physico-chemical 
methods. All the complexes were ionic in nature. 
Due to strucutural similarity, one complex ICu (L) BHg 
Zn(L)]Cl3 has been studied for SOD activity. The effect of 
borate on iron ascorbate induced DNA damage was also 
studied. The dismutation of superoxide anion production by 
xanthine-xanthine oxidase system may be due to interaction 
of superoxide anion with the Cu" ion in the borate which 
is reduced as a result of transfer of an electron from 
superoxide anion to copper mocity of the complex. 
CKA?T£R I 
INTRODUCTION 
1 
The study of metal-metal interaction has become the 
subject of interest to many inorganic chemistsl^'^' Initially the 
studies were confined to homo-hetero dinuclear activesite 
complexes which led to principal investigation in enzyme 
mimicing systems^^"*^ viz (hemerythrin, hemocyanin, superoxide 
dismutase, oxidases etc.). In last decade, the area of 
heterobimetallic complexes has taken so much pace that it is 
difficult to list all the work done so far collectively. The 
specialization in bimetallic fields has emerged and led to 
new, appealing applications, for example; bimetallic 
complexes have been probed for molecular-based magnets.'^' 
O.Kahn et al.*^ °"^ *^ have synthesised a number of molecular 
based magnets exhibiting a spontaneous magnetisation below 
a critical temperature (Tc). For example in complexes Mn", 
Cu" molecular units or chains are assembled in such a way 
that Cu'"' ion of a unit interacts with Mn <"' ion of the 
neighbouring unit. This increases the dimensionality of the 
compounds and also retains the molecular character. 
Design of bimetallic complexes based on luminescent 
and redox active building blocks is also an attractive 
application.'^2' Tliis application features energy migration'^^', 
redox patterns,'^"*' which play a role in light energy 
conversion schemes and signal processing<J^' Recently Olabe 
et al.*^ '^ have reported the first example of intramolecular 
electron transfer assistance in a bimolecular redox reaction 
(Fig. 1) e.g. the oxidation of [1,2-bis (4-pyridyl)l ethane by 
peroxydisulfate. 
(NH3)3 R u " ^ N ^ Q ) CH^CH,—<(^ j )NFe" (CN)^ 
Fig. 1 
The key finding in the above reaction is that the 
electron to be lost from a given site is first transferred (in a 
rapid preequilibrium) to a site which is oxidised more readily 
and this reaction mimics the biological electron transport 
chains. 
Fluorescence quenching of Europium^"" by heteronuclear 
complex formation with copper <"' or Nickel*"' has been 
observed by M. Sakamoto*^^'. (Fig. 2) 
fJJ .0 
(HP)5 N^ 
\A^\^~ NO3-
(a) M= Cu(ll), Ni(ll) 
(b) 
Fig. 2: Chemical structures of mononuclear Eu (III) 
(a) and binuclear M(ll)-Eu(lll) (b) complexes. 
Fluorescent spectra of the mononuclear Europium'"" 
complex [Eu(H2fsaen)(N03).5H20] and heteronuclear 
complexes [MEu(fsaen)N03. n.HgO] n=4 for M=Cu'"' and n=6 
for M = Ni*"' was compared where Hgfsaen is a binucleating 
ligand, N, N'- bis {3-carboxysalicylidene) ethylene diamine. It 
was found that the fluorescent bands of Eu'"^  observed for 
the mononuclear complex were significantly quenched on 
forming binuclear complexes (Fig. 3). 
o 
o 
E 
UJ 
550 650 750 
wavelength /nm 
Fig. 3: Fluorescent spectra of mononuclear Eu(lll) (trace a), 
binuclear Cu(ll)- Eu (llll) (trace b), and Ni(ll)-Eu(lll) 
(trace c) complexes In solid state Exciting wave-
length is 394 nm. 
Recently the first example of a multifunctional 
heterobimetallic asymmetric catalyst has been reported,*^^' in 
which two different metals play different roles to enhance 
the reactivity of both reaction partners and their relative 
positions. On the basis of X-ray crystallographic data , three 
kinds of rare earth Sodium/Lithium<^^> BINOL complexes 
were characterized as catalysts (Ln M'B where Ln=Pr, Nd or 
Eu, M' =Lithium or sodium and B= BINOL respectively). 
The heterobimetallic complex has been found to be the most 
effective for catalytic asymmetric nitroaldol reactions, it 
also influences the optical purity of products. Ln M'B 
catalysts also catalyzed Michael reactions and with high 
enantioselectivities even at room temperature (Fig. 4).*^°' 
O 0 
MeO' N / ' OMe ^^^ 
, solvent .^^ , 
H ^ A T ^ 
(a) 
OMe 
MeO 
O 
OMe 
<^'^OMe 
entry enone Michael product cat. solvent temp time yield ee 
donor (°C) (h) (%) (%) 
6 1 4 5 LSB THF 0 24 91 92 
Fig 4 Proposed Catalytic cycle of the Asymmetric 
Michael Reaction promoted by LnM'B, where 
M'=sodium or lithium 
Nolte et al*^ '^ have synthesised a novel bimetallic model 
system for cytochrome P^^Q Because of its biological importance, 
cytochrome P^^Q plays a crucial role in the metabolism of 
endogeneous chemicals and as a oxidation catalyst may serve as 
a model for new generation of synthetic catalysts. So far there is 
no remarkable mimic to natural systems such as molecular oxygen 
as oxidant and metalloporphyrin as a catalyst. All the models had 
disadvantage of displaying low catalytic activity. These studies 
were based on novel supramolecular catalytic bimetallic systems, 
a membrane bound cytochrome P^^ ^ mimic which epoxidises 
alkenes with good turnover numbers (Fig. 5). 
HC0,r^[Rh"i(Cp*)(bpy)]2^< JVIn"(P) x / > = < + 0 , + 2H^ 
Co/SHRh°KCp*Xbpy)]' -^ Svin^^C?) ^^>^ +}ifi 
Fig. 5: Schematicrepresentation of the cytochrome 
P^ mimic and the catalyzed reaction. 
The system is composed of vesicles containing an a 
(aceto)-[5-10,15,20-tetrakis (2,6-dichlorophenyl)- Porphyrinato] 
manganese^"" catalyst, N-methyl imidazole as axial ligand and 
amphiphilic Rhodium'"" complex'^^"^^' in combination with 
sodium formate as an electron donor. It was found that this 
bimetallic system decreases the absorption at 660 nm (Mn'" 
porphyrin) and increase in absorption at 448 nm (Mn" 
porphyrin) in the UV/vis spectrum as a function of time both 
in Argon atmosphere and in air. 
In a similar observation, the active sites of two 
cytochrome C oxidases were structurally characterized by X-ray 
diffraction* '^*"^^^ These structures demonstrate that O^-
binding/ activating site in cytochrome c oxidase is composed 
of a Mb-like heme and copper atom is coordinated to three 
imidazoles from histidine residues on the distal side. As 
illustrated in (Fig. 6) two other metal sites a coordinatively 
saturated heme and a dinuclear Cug site are involved in 
storing and transfering the electrons during 4c" reduction'^^'. 
2e-
Fe(Iir) Cu(II) 
Resting State 
Fe(n) Cu(I) 
ir 
/ 
O, 
5a»-@fv^^^^ 
FeOirhOHCu(II)|* 
RO HN-< 
le-.lH" Fe(IV)=0/Cu(IO 
H,0 
Fe(m) O 
Cu(I) 
/ O ^ Cu (U) 
Fe(m)0 
2HMe-
Fig. 6: Proposed reaction cyde for the 4e reduc-
tion of 02by cytochrome c oxidase. 
8 
Another important, yet facinating application is related 
to DNA-binding mode of heterobimetallic complexes. This 
area of specialization has restrictions due to cumulative drug 
resistance and toxic side effects of cisplatin but Meanwhile, 
it has opened a new vista of research to probe and look for 
analogous metallodrugs with less toxic effects and a potential 
for oral administration. It was quite clear from the earlier 
studies that cisplatin interacts with cellular DNA, resulting in 
cross-link formation in either an intra or interstrand 
fashion<2'"^°^ Bimetallic complexes of platinum group metals 
incorporating planar aromatic ligands with extended n-
system interact with DNA.<^ "^^ ^^  Similarly, studies on several 
polypyridyl compounds of ruthenium, osmium, cobalt, nickel, 
rhodium and platinum indicate that these complexes bind to 
DNA in intercalative fashion. 
Recently Shirley et al^ ^^ ^ have studied the interaction of 
bimetallic complexes of the general formula [{bpylgMdpb PtClglClg 
(M=Ru", Os") with DNA (Fig. 7). This establishes a new class 
of metal - based DNA-binding agents. The complexes have 
two possible modes of binding to DNA, intercalation of dpb 
ligand and covalent binding through platinum metal site. 
o o 
=f \ N = < > = N 
2+ 
-CI 
/ CI 
Fig. 7: Representations of supramolecularDNA-binding agents 
[(bpy)2Ru (dpb) PtCy^^ and [(bpy)^  Os (dpb)PtCy^* 
(bpy=2,2'-bipyridine; dpb= 2,3-bis (2-pyridyl) 
benzoquinoxaline). 
In another observation, bimetallic complexes of 
Ruthenium bipyridyl {[(bipy)2Ru"[Mebipy(CH2)„bipyMe]-
Ru^CbipylJI** (n= 5,7) exhibit much higher binding affinity 
and are more efficient photocleavage properties than their 
monometallic analogue<^^> IRu{bipy)2-(Me2bipy)12*, Me^ 
bipy=4,4' dimethyl-2-2' bipyridyl). 
10 
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Fig. 8 
Upon photo excitation, ruthenium complexes have been 
shown to induce single strand breaks in DNA.<^*'^ '^ This has 
been studied by monitoring the conversion of the covalently 
closed circular (CCC) form of pBR^^^ plasmid DNA to relaxed 
open circular (OC) form. At low ionic strengths, it was 
observed that monometallic species induces conversion of 
65% of CCC to OC form after 30 min. irridiation (Fig. 8a) 
11 
(a). The bimetallic species completely converts the plasmid 
to new OC form after only 10 minutes''*'^^ At high ionic 
strengths (50 mmol dm"^ NaCl) this difference is more 
pronounced where significant cleavage occurs only with the 
bimetallic complex (Fig. 8b). 
Electron transfer reactions play a pivotal role in 
photosynthesis**^"*^' and in a diverse range of enzymatic 
processes'*^**'. Their importance in biological function led 
to artificial "special pair" of porphyrins resembling 
bacteriochlorophyll monomers. Smith et al'*^' reported the 
first heterobimetallic bisporphyrins either cis (Cofacial) or 
trans (extended) isomers cis {lNi"][Zn"]}, {[Ni"] [Cu"]} and 
trans {[Cu") IMn"']} CFig.9a,b) 
M 
M 
M2 
Et 
1 
2H 
2H 
2 3 4 5 9 10 13 14 
Ni(II) Cu(Il) Co(II) Fe(lll)Cl Ni(ll) Cu{ll) Ni(Il) Ni(II) 
Ni(II) Cu(Il) Co(II) Fe(lII)CI 2H 2H Zndl) Cu{ll) 
(a) 
12 
6 7 8 11 12 15 
M' 2H Nidi) Cu(II) Zn(II) Ni(II) Cu(II) 
M2 2H Ni(II) Cu(II) 2H 2H Mn{III)Cl 
(b) 
Fig. 9 
The complexes were characterized on the basis of ^H 
NMR, (except those containing Cu" and Mn"*) , UV/visible 
spectroscopy, mass spectrometry, elemental analysis and X-
ray structural data. In addition to being a potential model for 
the photosynthetic special pair, this ligand serves as a model 
for electron transfer systems via selective metalation of the 
two porphyrin rings so as to provide a redox gradient 
between the two n interacting components. 
A common strategy for the synthesis of homo-hetero 
nuclear complexes is the use of metal complexes as 'ligand' 
i.e. metal complexes containing potential donor atoms for 
another metal ion with empty coordination sites. In addition. 
13 
if a metal complex acts as ligand and simultaneously has the 
ability to receive a donor atom from another metal complex 
molecule, a self assembly processes occurs leading to a 
bimolecular reaction. Colacio et al^ '*^ ' have synthesised a 
novel bis-imidazolyl tetradentate Schiff base ligand (HgL) 
from the condensation of imidazole 2- carbaldehyde and 
1,3-diaminopropane. The ligand reacts with copper"" 
pcrchlorate in neutral medium according to (Scheme I) to 
yield the mononuclear complex [Cu(H2L)CIOJC104.H20 . 
Under basic conditions [Cu(H2L)(C10JCI04.H20 can 
coordinate with another metal ion through the deprotonated 
imidazole-nitrogen atoms and simultaneously accepts a donor 
atom at the axial coordination site leading to a bimolecular 
complex. 
Brewer et al''* '^ have synthesised a similar series of 
hcterodinuclear spin crossover complexes by the reaction of 
tctra or pentadentate Schiff base complex of Fe"' with a 
nickel imidazolate chelate to give (tetradentate ligand) N,N'-
bis(salicylidene) ethane-l,2-diamine(H2Salen) (a), NgOgCl 
donor set and in case of pentadentate ligands a N^Og donor 
set B. (Fig. 10, a & b). 
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They observed that the cross over phenomenon was 
dependent on counterion, substituents on the ligand, 
structural features of axial ligand and intermolecular effects 
in the solid state. The mononuclear imidazole complexes 
[Fe(salen)L{Cl)] are admixed spin as evidenced by magnetic 
susceptibility and X-ray crystallography whereas , the 
dinuclear complex IFe{5MeO-Salen)(NiL')Cll exhibits spin 
crossover between the ^T ^ = ^ A^ states as determined by 
ESRC^ s) (Fig. 11). 
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Fig. 11: The ESR spectrum of solid [Fe(5MeO-Salen)(NiL') CI)] at 77K 
The donor acceptor supramolecular assembly 
composed of zinc tetraphenyl porphyrin (ZnTPP) and a 
series of acceptor conjugate molecules with varying redox 
potentials is another example of a bimolecular reaction*''^) 
(Fig. 12). Upon addition of pyridine amide conjugates to a 
solution of Zn (TPP) in CH^Cl,, the Q bands exhibit a red 
shift of ca. 15 nm. which is characteristic of the axial 
coordination to the metal centre. Fluorescence from the 
singlet excited state of Zn (TPP) is quenched upon addition 
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of the pyridine amide conjugates due to electron transfer to 
the imide <^ o-"' 
Fig. 12: A supramolecular assembly from ZnTPP and 
[spacer-acceptor] conjugates with various redox 
potentials. 
Kelly et al<^ '^ have synthesised titanium^'^ Schiff base 
complexes using tetradentate salen ligand and its derivatives 
[L-Salen H2=N,N'-bis(SalicyIidene)ethylenediamine] Complexes 
of the form ITiXgCUJ (thflTiXgCDJ and [TiX^CLHg)] have been 
observed with nature of their products being dependent on 
the salen derivative halide and reactive conditions used 
(Scheme 11). 
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Scheme I I : Preparation of titanium (IV) Schiff base complexes. 
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It is notworthy that many studies of titanium halides 
were restricted to the chloride derivatives only'^ **"^ '^. Thus this 
work is not only reflection of facile synthesis of group IV 
Schiffbase halide complexes but also emphasises the role of 
halide in influencing the formation of such complexes. 
A complex molecule is attractive as a host because its 
dimensions and structures can be altered by changing the 
coordination number and the ligands added to the host. This 
infrastructure proves suitable for the incorporation of two 
metal ions resulting in heterobimolecular complexes*^^'. It is 
quite worth mentioning that the coordination complexes 
having multidentate ligands can act as host as well as a 
guest<"'^ *> due to the dual nature of the metal complexes as 
a lewis acid and lewis base. 
Present Work; 
Novel heterobimolecular complexes of the type 
ISBM(en*)2ClM'] Clg where M=Si'v. Sni^ and Zr'^, M' = Ni", 
Cu", en*= deprotonated ethylene diamine, SB= deprotanated 
Schiff base were synthesised and characterized by 
spectroscopic data. Reactivity of bimolecular complex 
[SBSn'^CKen'lgCu] towards DNA has also been studied. 
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Mn"/Sn" SB* has been accomplished in the 
bimolecular complexes of the type lMn{SB*)Ni(en*)2Cll 
or [Sn{SB*)Ni{en*)2Cl], where SB*=2,2 - bis - (1H,3H,5H) 
pyrimidine-4,6—dione (1,2) diimino ethane and en*= 
ethylenediamine depronotated. Binding constant and 
capacity constant of protein with ICu(SB*)l have been 
calculated by fluorescence quench titration method'^^'. 
Oxidation of Sn", Mn" and reduction of Ni" complex to Ni° 
complex by redox reactions has been done. 
Heterobimolecular complexes of transition metal ion 
with 5-nitroindazole in presence of bis 1,2-diaminoethane 
CuVNi" chloride of the type [M(5-nitro-Ind)2Cl2M'(en*)2] or 
IFe(5-nitro-ind)2Cl2M'(en*)2]Cl have been prepared. On the 
basis of spectral studies, molar conductance measurements 
in DMF suggest covalent nature except IFe(5-nitro-
ind)2Cl2M'{en*)2lCl which is 1:1 electrolyte. An octahedral 
geometry for M and square planar for M' has been proposed 
in the bimolecular complexes. Toxicity of the compounds 
has been studied against cockroaches and % mortality in 
terms of LDg^  has been evaluated<^°'. 
21 
Derivatives of macrocycle have received much attention 
and have been extensively studied,^^^"^ '^ Macrocyclic 
tetramine structure are suitable for guest-host interaction 
and thus it forms a infrastructure to hold metal ions with 
strong anion affinities and hence they can depronate weak 
acids bases eg. HgO, ROH,RO, RCONR. These conjugate 
base complexes act as catalytic nucleophile, fluorescence 
sensors, thymine recognition hosts which are available in 
zinc enzyme functions.'^^' The recent report on borate 
complexes of transition and non-transition metal ions show 
that no work has been done so far on bimolecular borate 
complexes. 
This spurred our investigation on heterobimolecular 
borates of the type [MLBHgML JClj where M=Cu" or Ni", 
M'=Zn",Ni" and L=(l,8 - dihydro 1,3,6,8,10,13 hexaaza 
cyclotetradecane). The SOD mimic activity< '^> of the copper-
zinc containing complexes has also been studied. 
CHAVTEK 11 
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22 
EXPERIMENTAL METHODS 
The following techniques were employed to characterize 
the complexes: 
1. Infra-red spectroscopy 
2. Ultra-violet and visible spectroscopy 
3. Nuclear magnetic resonance spectroscopy 
4. Electron paramagnetic resonance 
5. Molar conductance measurements 
6. Magnetic susceptibility measurements 
Infra-red spectroscopy 
The infrared spectroscopy is a useful technique to 
characterize a compound. It results from transition between 
vibrational and rotational energy levels. IR region of the 
electromagnetic spectrum covers a wide range of wave 
length from 200 cm^ to 4000 cm ^ It has been found that 
in IR absorption some of the vibrational frequencies are 
associated with specific groups of atoms and are the same 
irrespective of the molecule in which this group is present. 
These are called characteristic frequencies*^*' and their 
constancy results from the constancy of bond force constants 
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from molecule to molecule. The important observation that 
the IR spectrum of a complex molecule consists of 
characteristic group frequencies makes IR spectroscopy an 
unique and powerful tool in structural analysis. 
Ultra-violet and visible S p e c t r o s c o p y 
When a molecule absorbs radiation its energy is 
increased. This increased energy is equal to the energy of 
the photon expressed by the relation. 
E = hv 
= hc/A. 
where h is planck's constant, v and A, are the frequency and 
wavelength of the radiation respectively and c is the velocity 
of light. Most of the compounds absorb light somewhere in 
the spectral region between 200 and 1000 nm. These 
transitions correspond to the excitation of electrons of the 
molecules from ground state to higher electronic states. In 
a transition metal all the five 'd' orbitals viz, dxy, dyz, dxz, 
dz^ and dx^ - y^ are degenerate. However, in coordination 
compounds due to the presence of ligands, this degeneracy 
is lifted and d orbitals split into two groups t^Q (dxy, dyz 
and dxz) and eg (dz^ and dx^-y^) in an octahedral complex 
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and t and e in a tetrahedral complex. The set of t^Q orbitals 
goes below the original level of degenerate orbitals in 
octahedral complexes and the case is reversed in tetrahedral 
complexes. 
Sometime due to transfer of charge from ligand to metal 
or metal to ligand, bands appear in the ultraviolet region 
of the spectrum, such spectra are known as charge transfer 
spectra or redox spectra. 
Nuclear Magnetic Resonance 
The nuclei of certain isotopes possess a mechanical spin 
or angular momentum. The n.m.r. spectroscopy is 
concerned with nuclei having spin quantum number 1=1/2, 
examples of which include ^H, ^^P and ^^F. 
For a nucleus with 1=1/2 there are two values for the 
nuclear spin angular momentum quantum number m= + l / 2 
which are degenerate in the absence of a magnetic field, 
In presence of magnetic field, however, this degeneracy is 
destroyed such that the positive value of m corresponds 
to the lower energy state and negative value to higher 
energy state separated by AE. 
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In an n.m.r. experiment, one applies strong homogenous 
magnetic field causing the nuclei to precess. Radiation of 
energy comparable to AE is then imposed with radio 
frequency transmitter is equal to precision or Larmor 
frequency and the two are said to be in resonance. The 
energy can be transferred to and from the source and the 
sample and n.m.r. signal is obtained when a nucleus is 
excited from low energy to high energy state. 
Conductance measurements: 
The conductivity measurments in one of the simplest & 
easily available technique used to study the nature of 
complexes. It gives direct information regarding whether a 
given compound is ionic or covalent. For this purpose the 
measurement of molar conductance t^m) which is related to 
the conductance value in the following manner is made, 
cell constant x conductance 
concentration of solute expressed in mole cm 
conventionally solutions of 10"^ M strength are used for the 
conductance measurement. Molar conductance values of 
different types of electrolytes in a few solvents are given 
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below; A 1:1 electrolyte may have a value of 75-95 ohm^ cm^ 
mol^ in nitromethane, 50-75 ohm"^ cm^ mol'^ in 
dimethylformamide'^^-'i) and 100-160 ohm-^ cm^ mol-^  in 
methyl cynide. Similarly a solution of 2:1 electolyte may 
have a value of 150 - 180 ohm"^  cm^ mol"^  in nitromethane, 
130-170 ohm^ cm^ mol'^ in dimethyl formamide and 140-220 
ohm"^  cm^ mol"^  in methyl cyanide. 
EPR 
Since a paramagnetic ion has a magnetic moment its 
ground state is degenerate. If this ion is placed in a static 
magnetic field the degeneracy is lifted because of the 
Zeeman splitting of the levels. The EPR spectrum results due 
to the transition between these energy levels*'^'*' by 
absorbing radiation of microwave frequency. If the static 
magnetic field is slowly varied, the absorption shows a series 
of maxima. The plot between the absorbed energy and the 
magnetic field is called the Electron Paramagnetic Resonance 
spectrum and the phenomenon is known as the Electron 
Paramagnetic Resonance<^^> (EPR). When a free ion with a 
resultant angular momentum (J) is subjected to a static 
magnetic field (H) then it has (2J+1) energy levels and the 
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energies of the various levels are given by 
E„r9PH.M, 
Where Mj = (J, J-1, O -J), g is the spectroscopic 
splitting factor and 3 is Bohr magneton. For the case, if 
S = l / 2 , 1=0 and J = l / 2 , then multiplicity (2J+1) = 2 or Mj 
= ± 1/2. Now if an external magnetic field (H) is applied 
on this system, the low energy state will have the spin 
magnetic moment aligned with the field, and the high energy 
state will have the spin magnetic moment aligned opposite 
to the magnetic field. The energy of the levels is 
proportional to the magnetic field strength i.e., E±l /2= 
± VagpH. If an alternating magnetic field of frequency (v) 
is applied at right angle to the direction of the magnetic 
field then transitions occur between Zeeman levels i.e., 
E.1/2-E 1/2 = hv = gpH 
This is called the resonance condition where h is Planck's 
constant, p is the Bohr magneton and the value of P is given 
by 
eh 
=.9723 X 10 20 erg/gauss 
47tmc 
g is the proportionality factor, which is the function of the 
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Fig. 13 Energy levels for S = Jj (free electron) in a 
magnetic field and the resonance condition 
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electron's environment. It is also called the spectroscopic 
splitting factor or Lande's splitting factor. For multielectronic 
ions, the g-factor can have values distinct from g^  (free 
electrong-value). Fig.(13) shows the splitting of a 
degenerated electronic level (Mj = ± 1/2) in a magnetic field. 
Selection rules for electronic dipolar transitions AMj=±l 
hold good. For technical reasons, the resonance absorption 
is generally observed when magnetic field (H) is varied 
keeping the frequency (v)fixed. 
Magnetic Moment 
When a substance is placed in an inhomogenous 
magnetic field it is either attracted towards the strong part 
of the field or repelled towards the weaker part. If it is 
attracted by the field, it is said to be paramagnetic, if 
repelled it is said to be diamagnetic. The force F with which 
a diamagnetic substance is repelled when placed in a field 
of strength H and gradient dH/dx is determined by 
dH 
where X is called magnetic susceptibility and V is the 
volume of the substance. The magnetic susceptibility is a 
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measure of the change in the magnetic moment 'p. oi the 
atoms caused by applied field. It is determined by the 
Langevin's equation. 
Noe2 
6 mc^ 
where N^ is Avogadro's number, r is the average radius 
of the orbits of the electrons. 
Paramagnetic susceptibility is inversely proportional to 
the absolute temperature 
T 
where C is the Curie constant and is characteristic of the 
material. 
The relationship between peff and magnetic 
susceptibility is given below 
peff = 2.34 (XyT)^/2 
where T is the absolute temperature, X^ is the molar 
susceptibility corrected for diamagnetic effects and peff is 
the magnetic moment of the compounds in units of Bohr 
magnetons. Magnetic susceptibility measurements are mostly 
made with Gouy method.'^*' 
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Gouy's Method 
If a uniform rod of material is suspended (Fig. 14) with 
the lower end in a uniform magnetic field of magnitude H 
and the upper end in a lower field of magnitude H ,^ the 
material will be pulled down with a force given by the 
expression. 
Force =Awg = 1/2 A {K-KJ (H^ - H^^ ) 
where Aw is the apparent increase in weight of the sample 
upon turning on the field, g is the gravitational constant, 
A is the cross-sectional area of the material, K and K^ are 
volume susceptibilities respectively of the material and the 
displaced medium (usually air). 
Usually K^  is negligible compared to K, and if the rod 
of material extends above the pole pieces a distances 
greater than eight times the pole gap width, H^ is negligible 
compared to H then we write. 
2 Awg 
K = 
H2A 
It is necessary to account for the diamagnetism of the 
sample tube. 
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Fig. 14 : Schematic representation of Gouy balance 
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Aw (corrected) =Aw(sample and tube) -Aw(empty tube). 
The Gouy method may be used to determine the 
susceptibility of either a solution or a solid. In case of a 
solid, the sample should be ground to a fine powder to avoid 
anomalies owing to an isotropy in the crystal and to facilitate 
uniform packing. When gram susceptibility and molar 
susceptibility of a solid sample are calculated, the density 
used in the equation is the bulk density of the powdered 
material 
XM (solute) 
Xsolution= p-0.720 x 10"^ (1-p) 
M 
where M is the molecular weight of the solute and p is 
the solute's weight fraction. 
Faraday Method 
For the determination of the susceptibility of solid 
samples that are too small for the Gouy balance method, 
the Faraday method can be applied. In this method, a very 
small sample, (even one small crystal can suffice) is 
suspended from a sensitive balance in a very 
nonhomogenous magnetic field. The weight is determined 
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with and without the magnetic field, and w is corrected 
for the diamagnetism of the sample container by use of 
equation. 
Aw (corrected) = Aw (sample tube)-Aw (empty tube). 
If K^  (the volume susceptibility of the displaced medium) is 
negligible, we may write. 
gAw 
K = 
VH (dH/dx) 
where V is the volume of the sample and (dH/dx) is the 
magnetic field gradient. Then for gram susceptibility we can 
write. 
gAw 
X = , where w is the sample weight, 
wH (dH/dx) 
Another useful method for measuring magnetic 
susceptibilities is the Evan's method or nmr method. The 
shift of the proton resonance lines of inert reference 
molecules in solution is caused by the presence of dissolved 
paramagnetic substances. The magnetic moment of the 
complexes was calculated at room temperature by Evan's 
method^^'' employing the expression 
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Af T 
l^eff = 0.0618 ( — X -4^/2 
f M 
where f = oscillator frequency expressed in MHz, T = 
absolute temperature, M = molarity of the solution and Af 
= the difference in frequency between two reference signals. 
The magnetic moment for one free electron in the 
ligand containing cu^* ion has been found to be 1.742 BM 
which is exactly within the prescribed range.*'*' After 
coordination with Group IV metal, the \ieii values goes down 
slightly which may be ascribed to diamagnetic effect. 
The reduction in the magnetic moment may also occur 
either due to metal interaction but solitary electron and cu^* 
ion does not permit such interaction or it may occur through 
bridging group as in superexchange phenomenon. It may 
also be ascribed to antiferromagnetism.'^^' 
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BY Sn" SCHIFF BASE 
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Si, Sn and Zr^ ^^ ) tetrachloride (Fluka), CUCI2.2H2O and 
NiCl2.2H20 (BDH), ethylenediamine, salicylaidehyde 
(Lobachemie), carbontetrachloride (Merck), methanol, 
ethanol and diethyl ether were used as received. The i.r. 
spectra (4000-200 cm"^ ) were recorded on Perkin Elmer-621 
spectrophotometer in KBr and nujol. UV/vis spectra were 
run on PyeUNICAM PU-800 spectrophotometer in DMSO. 
The n.m.r. and e.p.r. spectra were recorded on a Bruker X-
500 instrument in DMSOd^ and Bruker ESP-300X-band 
spectrometer respectively. The conductivity measurements 
were made in DMSO on an Hico conductivity bridge type CM-
82T. Elemental analysis were done on Carlo-Erba analyser, 
Model 1106-Microanalyser. Solvents were distilled by 
conventional methods.^^^^ Estimation of chloride were done 
by standard gravimetric method^^^' and metals were 
estimated by using EDTA titration method^^^^ 
Calfthymus DNA as obtained from Sigma Chemical 
Company. The solution of DNA as prepared by dissolving 
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DNA in aqueous solution and dialyzing several times against 
buffer until the UV absorbance ratio A250/A280 ^^  greater 
than 1.90. The concentration of prepared DNA, and as 
determined according to its absorbance at 260nm. 
Synthes is of Schiff Base: 
Schiff base [N,N-bis(salicylidene) ethane-l,2-diamine] 
has been synthesised by reported method^^^^ 
Synthes is of Schiff Base Complexes [A] with Si^ ^^^ 
Sn('V), Zr<»v) and Sn("). 
To a stirred methanolic solution (lOOmL) of Schiff base 
(O.Olmol, 2.68gm) was added dry CCI4 solution of SiCl4 
(0.01 mol, 1.14 mL) or SnCl4 (0.01 mol, 1.17 mL) or ZrCl4 
(0.01 mol, 2.33 gm) in a round bottom flask of 250 mL. The 
mixture was refluxed for ca.7hr and was kept aside for ca. 
12 h at room temperature, when coloured crystals separate 
out. They were washed with ethanol, ether and dried in 
vacuo. 
The same procedure was employed for Schiff base 
complex with Sn'") chloride except that the solution was 
prepared in dry ethanol. 
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Synthesis of [Ni (en)2]Cl2/[Cu(en)2]Cl2Complex [B]: 
To a dry methanolic solution of (100 mL) hydrated 
nickel'"^ chloride (0.01 mol, 2.37 gm) or hydrated copper'"' 
chloride (0.01 mol, 1.70gm) was added ethylenediamine 
(0.02 mol, 1.74 mL) in a round bottom flask (250 mL). The 
mixture was gently heated in a water bath at 40^C, 
immediate precipitation takes place and a coloured product 
separates out. The compound was flushed with ether and 
dried in vacuo. 
Synthesis of heterobimdlecular complex [SBM(en*)2M'] CI2 
To a stirred solution of Schiff base complex [Al (0.01 
mol) in ethanol and HCl mixture (95:5 mL) was added 
[Ni(en)2]Cl2 (0.01 mol, 2.77 gm) or ICu(en)2]Cl2 (0.01 mol, 
2.81 gm) complex [B] in dry ethanol and the reaction 
mixture was heated over reflux for ca. 10 h until coloured 
product separated out. The complex was filtered, washed 
with ethanol and dried in vacuo (Fig. 15). 
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Synthesis of heterobimolecular complex [SBSnCl(en*)2Ni] 
To a stirred solution of Schiff base of Sn<"> (0.01 mol, 
3.84 gm) in acidic ethanol was added lNi{en)2)Cl2 (0.01 mol, 
2.77 gm) in (50 mL) dry ethanol and the mixture was stirred 
magnetically on reflux for ca. 5 h. It was kept overnight to 
yield white crystals. They were separated out on 
decantation, washed with ethanol, flushed with ether, dried 
in vacuo (Scheme III). 
Results and Discussion : 
The heterobimolecular complexes have been synthesized 
in a stepwise manner, Each of these molecules reacts with 
other molecules in solution to yield 1:1 heterobimolecular 
complex. The heterobimolecular complexes have been 
isolated by treating the Schiff base complex with Si '^^ ^ Sn '^^ ^ 
and Zr<'^ ' or by Sn^"' further treated with 1,2-diaminoethane 
Ni<"VCu<") chlorides. On the basis of analytical data (Table 
1), spectral studies and molar conductance measurements it 
has been observed that Chemistry of Sn<"' Schiff bases is 
different to Si"V), Sn<'V) and Zr^ '^ ) Schiff bases containing 
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bimolecular complexes. General reactions of the complexes 
are as follows. 
Dry EtOH 
SBHj + MCI4 " [SBMClj] 
Yellow -2HC1 Cream 
EtOH/HCl 
[SBMCI2] + [M'(en)2]Cl2 >[SBM(en*)2M'Cl]Cl2 
Cream Purple -HCl Yellow 
EtOH 
SB-H2 + SnCl2 ^ [SBSn] 
Yellow -2HC1 Cream 
EtOH/HCl 
[SBSn] + [Ni(en)2]Cl2 *^ [SBSn(en*)2NiCl] 
Cream Purple -HCl White 
SB = deprotonated Schiff base, 
M = Si(^), Sn(i^, Zi<iv) M'= CuD, N F 
en* = deprotonated ethylene diamine 
All the complexes are air stable, soluble in DMSO. 
Chelates of Sn^"' metal ion appeared to be non electrolyte 
while those of M '^^ ' metal ions were electrolytes 1:2 (80- 90 
ohm-i cm2 mol"i) in DMSO^^i). 
IR and far IR spectra : 
Schiff bases containing OH have absorption bands in 
the range 2700 cm'^-2900 cm"^ which may be assigned to 
the intramolecular hydrogen bonding. In the present case of 
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hetcrobimolecular complexes vOH is not observed in the IR 
spectra indicating involvement of OH in coordination by 
substitution of H+ ion by metal ion as HCl, which is further 
supported by vC-0 stretching vibration at 1305 cm"^-1325 cm^ 
in the complexes, A vC-N band at 1630 cm"^ is shifted 
towards higher wave number after complexation (Table 2). 
Similar observation has also been reported earlier^^ '^^ '^ K 
The IR spectra of heterobimolecular complexes are not 
much different from the parent compounds, only a little 
change has been observed. But far IR spectra provides some 
useful information regarding its authenticity particularly in 
case of Sn "^^  Schiff base complex when it complexed with 
[Ni(en)2]Cl2- The presence of a new Sn-Cl band at 380 cm"^  
which was not present in the spectrum of Sn'"' Schiff base, 
further indicates transfer of CI" ion from the outer sphere of 
[NKenjglClg to [Sn(SB)]. This stabilize Sn"V)-Ni(0) moiety 
which is further supported by covalent nature of the 
compound. Other bands vM-O, vM-N and vM-Cl are given in 
the table for all the complexes. Our observation are in 
consistence with Rivarola et al^^^'^^K 
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^H, 13c and ^^'Sn NMR spectra : 
Important spectral data are given in (Table 3). The 
spectrum of metallated Schiff base and heterobimolecular 
complexes is useful from structural viewpoint . 
The NMR signal due to OH protons in the [Sn-(SB)1 or 
[SnSBClg] disappears in the spectra indicating replacement 
of H+ as HCl of the OH group and formation of Sn-O bond. 
The signal of CH=N proton observed at (7.89) show a slight 
upfield shift as compared to free base indicating involvement 
of azomethine nitrogen in coordination. The spectrum gives 
a sharp singlet of CH=N 6(7.89) ascertaining that cationic 
effect is equivalent for all protons which further suggests 
that Schiff base is a planar ligand. Other signals eg. CHg 
6(3.42) and aromatic protons are observed in the region 
6(6.50-7.30) since bimolecular complexation takes place by 
substitution of labile chlorine without changing the 
coordination number of the complexes. However a little 
distortion may be expected due to bulky group. NMR spectra 
of [Sn<"'SB] and their bimolecular complexes with 
INi(en)2]Cl2 is worth mentioning here which involves two 
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electron transfer reaction Sn++ -> Sn'^^. This results in an 
increase of the positive charge in the planar environment as 
well as transfer of CI" to the inner sphere of ionic to 
covalent metal complexes. Shifting of CH=N protons down 
field 618.431, gives fine splitting of CH^ protons (3.39-3.09), 
and a p p e a r a n c e of NHg p ro tons confirms the 
heterobimolecular complexation. 
A comparison of ^^C n.m.r. spectrum of bimolecular 
complexes with free ISnSBl and lNi{en)2lCl2 shows that the 
position of all the carbons in the heterobimolecular 
complexes is within the range^^^^ (Table-3a,b) ^^C signal of 
SnSB exhibit a shift of 2-4 ppm in the bimolecular 
complexes. This is attributed to the nature of INi (enlgjClg 
which acts as monodentate ligand and is bonded to Sn 
centre of the complex through-NH. 
The ii9sn-[H]NMR spectrum of lSBSnCl(en*)2Ni] was 
recorded in DMSOd^ by using tetramethyltin as standard at room 
temperature (Rg. 16). A sharp singlet at 6-602.00 was observed 
which confirms the six coordinates Sn-chlorospecies. Our results 
are consistent with that reported earlier.^ ^^^ 
(5) 602.00 
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Fig. 16 119i Sn NMR spectra of Heterobimolecular Complex 
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Electronic spectrum of [(SB)SnCl N^eri'lglClg exhibit a 
band in the range 19000-19300cm"^ assigned to 
^A2g<-^Aj which is a characteristic of square planar 
geometry for Ni '^'^  ion^^^"^^^ while spectrum of 
[(SB)Sn('V)ciNi(0){en*)2] shows absorbtions in UV region 
assigned to metal ligand charge transfer transition. No 
absorption band has been observed in visible region due to 
change in oxidation state Ni^"' -> Ni^ K^ 
The spectra of [Sn(SB)ClCu(en*)2]Cl2 shows two medium 
intensity bands at 18000 cm"^ and 14080 cm'^ assigned to 
^Aj <- ^Bj and ^E <- ^B^ transition, respectively. The 
magnetic moment at room temperature is 1.82 B.M which 
suggest square planar geometry around copper(II) ion is 
further supported by EPR. Spectrum of the crystalline 
sample of copper bimolecular compounds showing g values 
{g„ - 2.20 and g^ 2.02).(96) 
Reactivity of [SBSn»vci(en*)2Cul with DNA 
"Hyperchromic effect" and "hypochromic effect" are the 
spectral features of DNA concerning its double-helical 
structure (Fig. 17a,b,c). Cations can cause the hypochronism 
47 
of DNA by binding to the phosphate group of DNA 
backbone and make a contraction in the helix axis of DNA. 
Our investigation into the model reactions between 
[SBSn'^Cl (en'jgCu] with nucleotides shows that the chloride 
ion in [SBSn'^Cl{en*)2Cu] could predissociate, and Sn '^^ ^ is 
only bounds to nucleotides via the phosphate group. 
Moreover, the affinity of Sn '^^ ^ with negative phosphate 
group is very strong; because of its hard Lewis acidic 
property. In fact Sn^'^^-phosphate binding is detected. 
Therefore, the above results indicate that the complex may 
first bind to the phosphate group of DNA, neutralize the 
negative charge of DNA phosphate group, and cause the 
contraction and conformation change of DNA. The double 
helical DNA (dG-dC) poly (dG-dC) indeed the lowering of 
absorbance in spectrum suggests the Cu-NyG interaction. 
The absorbtion hypochromicity is also indicative of binding 
with N7G. In conclus ion we have shown that the 
heterobimolecular complex, shows higher binding affinity 
towards DNA. 
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Fig. 17 c "Hyperchromic effect". Metal concentration 10-=M 
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CHAPTER IV 
HETEROBIMOLECULAR 
COMPLEXES:SELECTIVE REDOX 
REACTIONS OF 
Mn", Sn" COMPLEXES WITH Ni" 
CHELATES AND FLUORESCENCE 
QUENCHING IN PROTEIN WITH 
Cu« COMPLEX 
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All the reagents were used of analytical purity, 
SnCl2.2H20(SD),CuCl2.2H20,MnCl2(Merck),CoCl2.6H20, 
CrCl3.6H20,FeCl3anhydrous (Lobachemie), ethylenediamine, 
Barbituric acid (Koch-light), methanol (Ranbaxy), ethanol 
(absolute) and diethyl ether (Merck) were used as received. 
The IR spectra (4000-200cm"^) were recorded on a 
Perkin-Elmer 240 FT and 621-spectrophotometer in KBr and 
Nujol UV/vis spectra were run on a Sys t ronic-119 
spec t rophotometer . The NMR and EPR spectra were 
recorded on a Brucker X-500 instrument in DMSOd^ and 
Brucker ESP-300X band spectrometer respectively. The 
conductivity measurement were made in DMSO/MeOH on an 
Elico Conductivity Bridge type CM-82T. Elemental analysis 
were done on a Carlo Erba analyser Model 1106 micro 
analyser. Estimation of chloride were done by standard 
gravimetric method'*'^ * and metal was estimated by atomic 
absorption using portable digital voltameter-2000. Bovine 
serum albumin (Grade v) was purchased from Sigma (St. 
Louis, USA), the protein was further purified by passing 
through sephadex G-lO.O^.Bx 100cm) column to isolate 
r;> 
( Ace. No ) '^  
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the monomer forms in 10 mM tris. CI buffer and used 
through out the study. The protein concentration was 
determined by method of Lowry et al.<^ ^^  
Fluorescence Quench titration: 
Binding of [Cu(SB*)] to albumin was studied by 
fluorescence quench titration according to the method of 
Lewine.'^^' In brief, the titration performed in the molar ratio 
range of 0 to 9 and the decrease in protein fluorescence was 
measured at each molar ratio. All the solutions were filtered 
before use through millipore filters to minimize the inner 
filter effect. Fluorescence measurements were carried out on 
the Spectrofluorometer RF-540, equipped with data recorder 
DR-3, in the wave length range of 300-400 using 280 nm as 
excitation wave length. The slit width (excitation/emission) 
was 0.5 nm and sensitivity was high. 
Synthesis of 2,2*-bis (lH,3H,5H)-pyrimidine-4, 6-dione 
(1,2) diimino ethane (Schiff base): 
Barbituric acid (5.12 gm, 40 mmol) was dissolved in 
250mL of hot ethanol. To this solution 1,2-diamino ethane 
(l.SmL, 20 mmol) was added dropwise and immediate 
precipitation was observed. The mixture was allowed to 
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settle down for sometime yielding white amorphous product 
which was filtered, washed with ethanol and dried in 
vacuum (Fig. 18). 
Synthesis of the Complex [Cu(SB*)]: 
The solution of Schiff base(2.80gm. 10 m mol). in acidic 
Methanol (25mL) was treated with hydrated CuClg (1.70gm 
10m mole) in 25 mL of Methanol. The resulting mixture was 
refluxed for ca 1 hr a brown amorphous solid separated out 
which was washed out with ethanol and dried in vacuum 
(Fig. 19a). 
Synthesis of the Complex [CoSB*]-. 
To a warm methanolic solution (25mL) of Schiff base 
(2.80gm, 10 mmol) which was mildly acidified was added a 
solution of hydrated cobalt chloride (2.37gm, 10 mmol) in 
25 mL of methanol. The resulting solution was refluxed for 
Ca .5 h. The solution was allowed to cool at room 
temperature and was refrigerated overnight. Pink coloured 
product was precepitated from the solution. The solution was 
filtered and the solid compound was washed with ethanol 
and dried in vacuum. 
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Synthesis of the Complex [MnSB*]: 
To a solution of manganese (II) chloride (1.25gm, 10 
mmol) in 20 mL of methanol was added a solution of 
Schiffbase {2.80gm, 10 mmol) in (20mL acidic methanol. 
The mixture was refluxed for ca. 8 hr and was left to stand 
at room temperature, cooled under refrigeration. During that 
time, pink coloured compound precipitated and were 
collected by suction filtration, washed with ethanol and dried 
in vacuum. 
Synthesis of the Complex [SnSB*]: 
To a solution of Schiffbase (2.80gm, 10 mmol) in acidic 
methanol {50mL) a solution of SnCl2.2H20{2.55gm 10 
mmol) in methanol (SOmL) was added dropwise. The 
resulting solution was refluxed for ca. 10 h and was left to 
stand at room temperature, kept in refrigerator over night a 
brown colour compound was obtained and was filtered 
washed with ethanol and dried in vacuum. 
Synthesis of the Complex [FeSB*]Cl: 
To a warm acidified methanolic solution (30mL) of Schiff 
base (2.80gm, 10 mmol) was added anhydrous ferric chloride 
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(1.62gm, 10 mmol) in 30 mL of methanol. Resulting solution 
was refluxed for ca. 8 h and cooled in refrigerator. A red 
colour connpound obtained which was filtered and washed 
with ethanol and dried in vacuum (Fig. 19b). 
Synthesis of the Complex [CrSB*SCl]: 
To a solution of Schiff base (2.80gm, 10 mmol) in 
warm methanol was added hydrated CrClg (2.66gm, 10 
mmol) in 30 mL of methanol. The resulting solution was 
refluxed for ca. 10 h and the solution was cooled at room 
temperature and refrigerated over night. Pink coloured 
crystals appeared in the solution. They were filtered and 
washed with ethanol and dried in vacuum. 
Synthes i s of Heterobimolecu lar Complexes 
[SnSB*Ni(en)2Cl]: 
To a solution of ISnSB] (3.96gm, 10 mmol) in 100 mL 
of acidic methanol (99:1 mL) was added a solution of 
(Ni{en)2lCl2 (2.77 gm, 10 mmol) in lOOmL of methanol. The 
mixture was filtered to remove any insoluble material and 
was refluxed for ca. 8 h. The resulting solution was allowed 
to stand for sometime at room temperature and then 
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refrigerated overnight. The white crystals were filtered 
washed with absolute alcohol and were collected, dried in 
vacuum. 
Synthesis of the Complex [Fe$B*Ni(en)2Cl]Cl: 
A solution of [FeSB*lCl {3.69gm, 10 mmol) in 50 mL of 
DMF was stirred magnetically and to this solution was added 
(Ni(en)2Cl2 (2.77gm, 10 mmol) dropwise dissolved in 50 mL 
of methanol. The resulting solution was further stirred for 
ca. 1 h and was then refluxed for ca. 8 h. The coloured 
crystals were obtained by cooling in refrigerator, were 
filtered, washed with ethanol and dried in vacuum. 
Synthesis of the Complex [CrSB*Ni(en)2Cl]Cl: 
To stirred solution of [CrSB*lCl {3.65gm, 10 mmol in 
50mL of DMF was added INKenjJClg (2.77 gm, 10 mmol) 
dissolved in 50 mL of methanol. The solution became dark 
coloured immediately. The resulting solution was allowed to 
reflux for ca. 6 h and was left to stand overnight under 
refrigeration. Light green coloured crystals were precipitated 
from the solution and were filtered. The product was washed 
with ethanol and dried under vacuum. 
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Synthesis of Heterobimolecular complex pin(SB*)NHen*)2Cq: 
The solution of [Mn(SB*)] {4.04gm, lOmmol) in DMF 
(50mL) was added to the solution of [Ni(en)2]Cl2 (2.77gm, 
10 mmol) in methanol {20mL). The resulting solution was 
refluxed for ca. 6h and cream coloured crystals were 
separated out at low temperature (0-4°C). The crystals were 
filtered washed with ethanol. and dried in vacuo (Fig. 20). 
The complexes of the type [MSB*Cu{en*)2Cl]/ 
[MSB*Cu(en*)2Cl]Cl have also been prepared by the same 
method. 
where, M=Co", Cr"', Fe"', Mn" and Sn" 
Result and Discussion 
MeOH 
(S) 
SB + MCI2/MCI3 > IM(SB*)]/IFeSB*lCl/Cr(SB*)ClS] 
-2HC1 
DMF/MeOH 
[M(SB*)]+[Ni(en)2]Cl2 •> IM(SB*)Ni(en*)2 CI] 
DMF/MeOH 
IFe(SB*)]Cl+[Ni(en)2]Cl2 >IFe(SB*)Ni(en*)2CllCl 
DMF/MeOH 
[Cr(SB*)lSCl]+INi(en)2]Cl2 •>ICr(SB*)Ni(en*)2Cl]Cl 
-(S),HC1 
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2e-transfer 
M"(SB*)+ mHen),C\, >^ Ni<oHen*)2-M'V(SB*)Cl 
Square Planar Octahedral 
Where, 
M = SnVMn", 
en = ethylene diamine, 
SB = 2,2-Bis {1H,3H,5H) pyrimidine-4,6-dione(l,2) 
dil minoethane, 
SB* = deprotonated Schiffbase, 
en* = deprotonated diaminoethane and S=MeOH. 
All the heterobimolecular complexes are soluble in 
DMSO or in DMF, their molar conductance value lies in the 
range of non-electrolyte*'^' except lFeSB*Ni(en*)2 CllCl and 
ICrSB*Ni(en*)2CllCl complexes which are 1:1 electrolytes. 
Oxidation of Sn", Mn" and reduction of Ni" complex to Ni'°' 
complex by redox reaction has been done (Table 4). 
The IR spectra of the 2,2-bis (1H,3H, 5H)pyrimidine-
4,6-dione (1,2) diimino ethane (Table 5) exhibits two NH 
stretching frequencies in the 2950-3100cm'^ range, since 
the complexes are formed by the replacement of hydrogen 
ion of NH by the metal. The broad band in the range of 
2950-3100cm"^ in the spectra of the complexes may be only 
due to the remaining NH goups in the complexes. 
64 
A sharp band at 1590cm"^ assigned to vC=N in the free 
ligand<^*' has been shifted to lower frequencies 1550-1565 
cm"^  on complex formation, the appearance of vC=0 at 
- 1 6 9 0 cm"^  in both the ligand and their complexes indicates 
the non-involvement of carbonyl oxygen in coordination in 
mono and bimolecular complexes. In the far IR spectra of 
bimolecular complexes vM-N and vM-Cl bands were observed 
indicating the change<^^^°^' in coordination number of the 
central metal ion after bimolecular complexation. 
A comparison of the NMR of free SB, mono and 
bimolecular complexes has been done (Table 6). The 
disappearance of one NH-proton signal at 6 8.02 in mono 
metallic complexes and appearance of new signals due to 
1,2-diamino ethylene in bimetallic complexes in the range (5 
4.2-5.8) were observed, bimolecular complexation is further 
supported by ^^C NMR and Sn"^ NMR. Spectral changes in 
the mono and bimolecular complexes indicate that Sn metal 
ion is the bimolecular complexes in six coordinated (Sn"^ 
6=-600.15) while in [Sn(SB*)l is four coordinated (Sn^^^ 6=-
111.52). Our results are consistent with the results reported 
earlier<io3-io7). 
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The UV/vis spectral changes have been observed during 
complexation. The spectrum of (Ni(en)2]Cl2 has been 
recorded in MeOH it shows absorption at 554nm due to 
transition of Ni*"' with square planar geometry around Ni" 
ion.<i°*""°' The [Mn"(SB*)] shows three transitions due to four 
coordinated Mn". The spectrum of heterobimolecular 
complex [Mn'^ (SB*)-Ni<o'(en*)2Cl] shows absorption in the 
range 500-800nm due to [Mn'V(SB*)] indicating Mn'^ in 
octahedral environment while in the case of Sn'^{SB)- Ni^ 
(enlg CI] complex no absorption has been found due to 
change in oxidation state of Ni"^-Ni^°' which confirms the 
reduction of Ni"" complex to Ni<°'. Electronic spectral data for 
other complexes along with their assignment, magnetic 
moment and EPR values are given in (Table 7) on the basis 
of spectral studies it has been concluded that M is in 
octahedral and M' is in four coordinated environment. 
Bimolecular complexation in solution: 
ICu(SB*)]+Serum Albumin(SA)—> [Cu(SB*) SA] 
(Protein) 
Micromolecule+Macromolecule—>Bimolecular Complex 
(Fig. 21) shows the emission spectra at different 
lCu(SB*)]/albumin molar ratios in the wavelength range of 
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300-400nm. The spectra exhibits a significant lCu(SB*)] 
concentration dependent reduction in the fluorescence 
intensity, indicating the significant interactions between 
[Cu(SB*)l and albumin. Based on the intrinsic fluorescence 
data, the relative fluorescence was determined at a emission 
maxima of 340 nm, considering the fluorescence intensity of 
[Cu(SB*)] free protein as 100. A least square analysis of the 
initial linear points on the plot of relative fluorescence 
versus ICu(SB*)]/albumin molar ratio yielded the maximal 
quench (m), following the relationship: F=Fo-mR, where, F is 
the fluorescence intensity at [Cu(SB*)] to albumin molar ratio 
and Fo is the fluorescence intensity of protein at zero 
concentration [Cu{SB*)]. The plot of relative fluorescence vs 
lCu(SB*)]/albumin molar ratio (Fig. 22) shows a biphasic 
curve, suggesting at least two high affinity [Cu{SB*)] sites on 
the albumin while the remaining sites exhibit non-specific 
binding. The percent quenching as shown in the inset also 
demonstrated a linear increase upto two molar ratio of 
[Cu(SB*)l/albumin, which gradually slopes off at the higher 
ICu(SB*)] concentrations. The proportionate reduction in the 
fluorescent intensity of albumin at increasing concentrations 
of [Cu(SB*)l could be due to (i) electrostatic attraction of 
67 
{Cu(SB*)] chelates into the hydration layers of the protein 
and/or (ii) alteration/modification in the aromatic side 
chains of tryptophan, tyrosine, phenylalanine and histidine 
moities.Presumably, the ICu(SB*)l preferentially binds to the 
metal binding sites within the subdomain IIA and IIIA of the 
albumin molecules. In order to determine the binding 
constant of [Cu{SB*)l with the serum albumin, the fractional 
quench Q was determined and a Scatchard plot of Q / 
lCu(SB*)] vs Q was plotted {Fig. 23) Using least square 
analysis, the values of the slope and intercept provided the 
binding constant (Ka) and the binding capacity (n) of the 
albumin for ICu(SB*)l as 2 .65x10^ 1/mole and 4 .2 
respectively. 
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Fig. 21 Fluorescence spectra of BSA (6.0 \xM) in Tris buffer, pH 8.0 in the 
absence (uppemiost curve) and presence of increasing amounts of 
[Cu(SB*)] obtained in 0.05 M Tris-HCI buffer, pH 8.0,1=0.15 at 28°C 
using Shimadzu Spectrofluorometer RF-540 equupped with data 
recorder DR-3. The molar ratios of [Cu(SB*)] to BSA were: (top to 
bottom) 0.0, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 The excitation 
wavelength was 280nm and the slit width was 5 nm. 
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2 4 6 8 
CuSB/Albumin Molar Ratio 
[Cu(SB*)]-BSA binding isotherm showing relationship between rela-
tive fluorescence for high affinity binding sites in the molar ratio rang^ 
of 0 to 9. The inset shows the fluorescence quenching uponfcluSS!) 
binding to BSA at varying molar ratios. 
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CD (0 
o 
Fig. 23 Scatchard plot for the binding of [Cu(SB*)J to BSA. The values of the 
slope and intercept provided the binding constant (Ka) and the binding 
capacity (n) of semm albumin for [Cu{SB*)] v^ereas the Q represents 
the fractional quench. 
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Mn",Co", Ni°,Cu» and Fe"' Chloride (BDH), 5-nitro-indazole 
(Fluka) ,ethylenediamine{Merck) were used as received. 
Transition metal complexes of 5-Nitro-indazole and 
ethylenediamine have been prepared by the method reported 
earlier(iioii3) -phg i.r .-spectra (4000-200 cm"^) were 
recorded on a Perkin Elmer 621 spectrophotometer in KBr 
and nujol, UV/vis spectra were run on a Systronic-119 
spectrophotometer. Magnetic susceptibility measurements were 
made on a Gouy Balance using Hg[Co{NCS)Jas calibrating 
agent X =16.44x10"^ cgs units. The e.p.r. spectra were 
recorded on a Brucker ESP-300X band spectrometer. The 
conductivity measurements were made in DMF on an Elico 
conductivity bridge type CM-82T, Elemental analysis were 
done on carlo Erba analyser model 1106 micro analyzer. 
Estimation of chloride ion were done by standard gravimetric 
method'*^* and metal was estimated by atomic absorption 
using portable digital voltameter-2000. 
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Toxicity and probit analysis 
To investigate the toxicity of the complexes in terms of 
LDgQ the graphical method has been used. 
The toxicity of a substance in terms of probit is 
determined against the stimuli of living organisms. Usually 
the stimulus is applied in a series of experimental range and 
the reaction of each range is determined from its application 
to a set of experiments. 
Varying concentrations of the compound are prepared 
and a set of insects are exposed (or fed) to each 
concentration level. For each set of insects, counts were 
made at the total number of insects (n) and number killed(r). 
The result can be expressed either as a proportion (r/n) or 
as a percentage 100 (r/n). Such data may then be applied 
for probit analysis in assessing the various toxic substances 
and lethal doses. 
Tolerance limit 
The maximum concentration limit of a chemical at which 
a given set of insects survive is known as tolerance limit. For 
most of the biological preparation the distribution of X is 
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not normal but it is at least approximately normal for 
X=logjo. In probit analysis, therefore, the log of the 
concentration is used. It is referred to as the dose in terms 
of actual concentration expressed in milligram/litre and the 
log^o concentration is referred to as the dosage'^^"'. A plot of 
the percentages killed against dosage gives a sigmoid curve. 
The analysis of results from the sigmoid curve presents some 
rather serious difficulties. The percentage is transformed 
such that with a normal distribution of the transformed 
percentages would lie in a straight line. Any variation from 
the normal curve will cause the plotted probits to vary from 
a straight line. Generally, the observed variations from a 
straight line are of two types. In the first place the sets of 
experiment may not be all uniform. This will end to produce 
an abnormal scatters of the points about the straight line. In 
the second place the transformation of the dose to dosage 
may not be suitable. 
Practical appl icat ion of probit analysis 
Since we expect to get a straight line when probits are 
plotted against dosage, the methods of linear regression are 
suggested. 
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To measure the potency of the preparation it has been 
found that the dose giving a 50% kill is the most statistic and 
referred to as LD^Q (median lethal dose). In experiments 
where the response is not death we refer to the ED^Q (median 
effective dose). Whatever practical advantages there may be 
in knowing the LD^Q or some similar value, the fact is that 
much greater precision can be obtained in the measure of 
the LDgQ which is corresponding to a probit value of 5. 
Another factor to be measured is the range of the 
dosage required for a given range of percentage kill. This 
might be referred to as the sensitivity of the preparation 
tested. Obviously, if small changes in concentrations give 
wide range in the percentage kill, the sensitivity is high and 
represented by the slope of the line. The greater the slope 
the narrower the range in dosage for a given range in the 
percentage kill. The geometry of the line would seem to 
give, therefore, the required measure of potency and 
sesitivity. Taking two points X^ and Xg, representing the 
dosage, on the abcissa of the graph and finding the 
corresponding points Y^ and YJ on the probit scale, will give 
the slope of the line. If b represents the slope, then 
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Y -Y 
I 2 I 1 
b= 
Xg-Xj 
This makes it possible to set up a regression equation of the 
type Y= a + bx where a = Y^ - bx^ or Yg - bXg. 
Toxicity experiments were done on cockroaches, equal 
number of individuals in five sets were taken and allowed to 
feed on heterobimolecular complexes in different 
concentrations ranging from 8-12 ppm (w/w). A control set 
was also run simultaneously and the test insects were kept 
under observation. The % mortality was recorded after 24. 
Preparation of [Cu(5-nitro-Ind)2Cl2Ni(en*)2] 
The solution of ICuiS-nitro-IndjgClg] (0.460 gm, 1 nr»mol) 
in dry DMF (25 mL) was treated with methanolic solution of 
lNi(en)2lCl2 (0.277 gm, 1 mmol). The pale green solution of 
ICu(5-nitro-Ind)2Cl2] changes to blue after addition of 
solution of the [Ni(en)2]Cl2. The mixture was refluxed for ca. 
8 h. The crystalline solid which was separated out. On 
cooling the mixture was filtered and washed with ethanol, 
ether and dried in vacuo. 
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[Ni(5-nitro-Ind)2Cl2Cu(cn*)2l 
The Solution of [NKS-nitro-IncDgClJ (0.455gm, 
1 mmol) in dry DMF (20mL) was treated with methanolic 
solution of [CulenlJClj (0.282gm, 1 mmol). The light green 
solution of [Ni(5-nitro-Ind)2Cl2] changes to dark green on 
mixing the solution of ICu(en)2]Cl2 The mixture was refluxed 
for c a . l 2 h. The green crystals were separated out. On 
keeping the solution in refrigerator at (0-5°C). The crystals 
were filtered and washed with ethanol, ether and dried in 
vacuum. 
[Mn(5-nitro-Ind)2Cl2Ni(en*)2] 
The solution of IMn(5-nitro-Ind)2Cl2] (0.452gm, 1 mmol) 
in methanol was added to the solution of INi(en)2] Clg (0.277 
gm,l mmol) in methanol refluxed for ca.lO h. and kept in 
refrigerator overnight, cream coloured product was isolated. 
It was filtered and washed with ethanol, ether and dried in 
vacuum (Fig. 24). 
[Mn(5-nitro-Ind)2Cl2Cu(en*)J 
The complex was prepared by same procedure as above. 
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Fig. 24; Heterobimolecular Complex of the type [M(5Nitro-ind)2Clj M'(en*)j] 
[Co(5-nitro-Ind)2Cl2Ni(cn*)2l 
The solution of [CoCS-nitro-IndlgCIg] (0.456 gm, 1 mmol) 
in dry DMF (20 mL) was treated with methanoiic solution of 
[Ni(en)2] Clg (0.277gm, 1 mmol). The purple solution of 
[Co(5-nitro-Ind)2Cl2] turned blue on addition the solution of 
[Ni(en)2]Cl2. The yellow colour product was precipitated, on 
refluxing for ca.6 h. The compound was filtered and washed 
with ethanol and dried in vacuum. 
[Co(5-nitro-Ind)2CLCu<en*)2l 
The complex was prepared by same procedure as above. 
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[Fc(5-nitro-Ind)2Cl2Ni(en*)2]Cl 
The solution of [Fe(5-nitro-Inci)2Cl2lCl (0.452 gm, Im 
mol) in dry DMF was treated with methanol solution of 
[NitenlgJClg (0.277 gm, 1 mmol). The resultant solution was 
refluxed for c a . l 5 h. The brown product was precipitated. 
The compound was filtered, washed with ethanol and dried 
in vacuum. 
lFc(5-nitroInd)2Cl2Cu(cn*)2lCl 
The complex was prepared by same procedure as above 
Result and Discussion 
The complexes were prepared according to the following 
equations: 
DMF/MeOH 
IM(&-nitro-Ind)2Cl2]+lM'(en)2]Cl2 ->[M(5-nitro-Ind)2Cl2M'(en*)2] 
-2HC1 (Amorphous Powder) 
Where 5-nitro-Ind = 5-nitro-Indazole, 
en* = ethylenediamine deprotonated 
M = Co", NiD, Cu«,M'=NiO/Ni'' or Cu" 
Analytical data are given in (Table 8). All the complexes 
are soluble in DMSO or DMF. The molar conductance in 
DMF lying in the range'^^' of non electolyte nature of 
heterobimolecular complexes, only Fe"' complexes are 1:1 
electrolyte in DMF. As a consequence bis-ethylenediamine 
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Cu"/Ni" Chloride with dichloro bis 5-Nitro-Indazole metal" 
form a covalent bond in the inner sphere of bimolecular 
complexes. 
I.R. spectra 
The relevant i.r. bands and their assignments are cited 
in (Table 9). In the i.r. spectra of bimolecular complexes 
under investigation show several bands belonging to 5-Nitro-
Indazole. They are considerably changed compared with the 
relevant bands of the ligands and monometallic 
complexes.^^^^'^^^' 
The band centred at 1600 cm^ assigned to vC=N 
vibrations is shifted in the bimolecular complex to a high 
energy (26 cm^) indicating that nitrogen takes part in 
coordination. Strong bands at 1460 cm'^  and 3320 cm"^  due to 
vC-N and vNH respectively remain unaltered in the 
bimolecular complexes. New bands due to NHg group of 
ethylenediamine complexes in the range 3420-3460cm^ appear 
confirming the bimetallic complexation other peaks vNOg, 
vC-C, vCN remain unaltered.*^^*' The far i.r. spectral data 
with assignments of vM-N (430495 cm'^ ), vM-Cl(310-370 cm^) 
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and vCu-N and Ni-N(410-420 cm"^ ) bands are given in table. Our 
results are c o n s i s t e n t w i t h t h e r e s u l t s reported 
earlier.<ii9-i2i) 
Electronic spectra and Magnetic moments : 
In (Table 10) are listed the magnetic moments value, 
e.p.r. parameters and UV/vis spectral data for the 
heterobimolecular complexes. The neff values for 
bimolecular complexes are deviated from its calculated value 
due to change in environment'^^^"^^^' on the central atom. 
Spin cross over or antiferromagnetic interaction between M 
and M'metal ion has been compared. The electronic spectra 
of the complexes contain mixed transition due to two 
different metal ions, in different oxidation state and different 
coordination number. M is associated with octahedral 
geometry while M' is in square planar environment. The 
IMn'^(5-nitroInd)2Cl2Ni{en*)2] show new bands (unlike other 
transition metal ion).^ ^ '^^ ^ 
The peak at 554 nm due to CNi(en)2]Cl2 disappears 
indicating the change in oxidation state of Ni" to Ni° and 
Mn'^ -Mn'^ . This is a unique redox reaction in this series.'^^^^ 
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The hetero bimolecular complexes of [CulenlgClJ have low 
magnetic moment value which is due to antiferromagnetic or 
spin crossover. While with [Ni{en)2lCl2 is high due to large 
diamagnetic group attached to central metal ion. Our results 
are comparable with the result reported earlier for different 
types of complexes under different environment.*^^^' 
The e.p.r. spectra of heterobimolecular complexes 
recorded at room temperature are shown in (Fig. 25). The 
spectra of [CoCS-nitro-IndjgClgCuien'jg] shows g„=1.93, g| = 1.86 
which are relatively lower than the characterstics values of 
octahedral Co" complexes. This is due to Cu" ion in square 
planar environment. Signals for two different metals are 
emerged together and new signals are obtained. The 
heterobimolcular compound [Cu(5-nitro-Ind)2Cl2Ni(en*)2] (Fig. 26) 
exhibit slightly higher g, value and a higher gj, than Cu" in 
square planar environment. The values of g, and g„ indicate 
Octahedral geometry of the central metal ion.'^ '^'"^^ '^ 
The e.p.r. spectra of complex [Mn(5-nitro-Ind)2 Cl2Cu(en*)2l at 
room temperature shows a broad signal due to spin crossover 
of one unpaired electron of Cu" ion with Mn" ion in 
bimolecular complex. The value of g„ and g^  for copper is 
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suppressed by Mn" spin-spin interaction, which is further 
supported by peff value which is lower than calculated value 
(Fig. 27). 
The toxicity of the two representative heterobimetalic 
compounds (Ni with Co & Cu with Co) has done according 
to the standard method'^ ^^"^^* '^, experiments were done on 
cockroaches (Table 11), % mortality of the insects was 
plotted against concentration of the compound in ppm(w/w) 
which gave a sigmoid curve. Since it was not a straight line, 
the data pertaining to percentage kill were transferred into 
probit which were plotted against log concentration (In 
ppmxlOO). A perpendicular drawn from probit 5 yielded 
LDgQ. It is evident from LDg^ values show that Ni containing 
compounds are more toxic than Cu. It may be due to 
biological significance of Cu ion which is more than Ni 
metal ion. 
90 
ABSORPTION DERIVATIVE 
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F'g 25 ESR spectra of [Co(5-nitro-lnd)j CI,Cu(en-)J 
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ABSORPTION DERIVATIVE 
Fig. 26 ESR spectra of [Cu(5-nitro-lnd)j CljCu(en*)j] 
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PHYSICO-CHEMICAL STUDIES ON 
METALLATED DIHYDRO BIS 3,6,8,10,13 
HEXAAZATETRA DECANYLE BORATES 
AND SOD ACTIVITY OF HETEROBI-
MOLECULAR COMPLEX 
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ZnCl2(purified),CuCl2.2H20,NiCl2.6H20, formaldehyde, 
Ammonia (BDH),ethylenediamine (Koch Light), Xanthine (E. 
Merck Darmstadt. Germany), KBH^ (Fluka),xanthine-oxidase 
(EC1.2.3.2,xanthine:Oxygenoxidoreductase) , Ascorbic acid 
and nitrobluetetrazolium (Sigma Chemical Company, USA), 
Hydrogenperoxide (E.Merck) ^2-thiobarbituric acid (CDH), 
calfthymus DNA (Sigma Chemical Co., USA), Ferricchloride 
(Qualigen lab Reagent), Tris Hydrochloride (Amres Co. USA), 
Ethylenediamine tetraaceticacid(Qualigens, Bombay) and 
dihydrogensodiumorthophosphate(CDH), Monosodiumdi-
hydrogenphosphate, were obtained in the highest purity 
grade commercially available. The i.r. spectra (4000-200 cm )^ 
were recorded on Perkin Elmer-240 FT and 621-
spectrophotometer in KBr and nujol. UV/vis spectra 
recorded on a Systronic-119 spectrophotometer. The e.p.r. 
spectra were recorded on Bruker ESP-300X band 
spectrometer. The n.m.r. spectra were recorded in DMSOd^ 
on a Bruker MX-500 spectrometer. Magnetic susceptibility 
and molarconductance measurements were made with a 
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vibrating sample magnetometer allied Research model 155 
and a Elico conductivity bridge type CM-82T. Elemental 
analysis were made with a Thomas and Coleman analyser, 
Carlo Erba-1106. Metals were estimated by complexometric 
titration using EDTA<* '^. Chlorine was estimated 
gravimetricaly^*'^' and solvents were purified by conventional 
methods^'^'. 
Assay of DNA sugar damage 
DNA-sugar damage was assayed by the method of 
Halliwell and Gutteride.^'^Briefly, the reaction mixture in 
a total volume of 1.32 ml contained 0.5 ml calf thymus DNA 
(Img/ml) in Tris-EDTA buffer (0.1M,pH 7.4) 0.5 ml 
phosphate buffer (0.1 M, pH 7.4) and 0.2 ml ascorbic acid 
(100 mM), 0.1 ml FeClg (300 mM) and 0.02 ml Hp^ (40 
mM). The reaction mixture was incubated for 1 h at 37°C 
in a water bath. After the incubation was over, Iml TBA 
(0.67%) was added to the reaction mixture and then, it was 
kept in a boiling water bath for 15 min. The TBA reaction 
species so generated forms an adduct showing a 
characteristic absorption at 535 nm which was monitored 
using a spectrophotometer (Model Beckman DLJ-64). 
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Assay of SOD Activity 
Superoxide anion generat ion 
The Og- generation was assayed by the method of Darr 
et al.<* '^ The typical reaction mixture contained nitroblue 
tetrazolium (57 ^M), xanthine (1 mM) in a total volume of 
1 ml of phosphate buffer (0.5 M, pH 7.4). The reaction 
mixture was incubated for 15 minutes at room temperature 
and reaction was initiated by the addition of xanthine 
oxidase (50 mU). The rate of reaction was measured by 
recording change in the absorbance at 550 nm due to the 
formation of formazan, a reduction product of NBT. 
Assay for superoxide dismutase mimicking activity 
Various concentrations (O.l-lpM) of the synthesised-
copper complex were added in the reaction mixture for the 
assay of O^ generation inhibition. The reaction kinetics were 
followed as described above. The percent inhibition in 
formazan formation was taken as an index of dismutation 
of Og- and provided the superoxide dismutase (SOD) 
mimicking activity. 
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Synthesis of l,8-dihydro-3,6,8,10,13-hexaaza cyclotetra 
decane nickel<°) chloride, copper(°> chloride/Zn<") chloride 
The starting metallated macrocycles were prepared 
according to the method reported earlier.'^ ^ '^^ ^ '^ 
To a methanolic solution (50 mL) of hydrated nickel'"^ 
chloride (10 mmol,2.37g) or hydrated copper^"' chloride (10 
mmol, 1.70g)/Zinc chloride anhydrous (10 mmol, 1.36gm) 
were added 1,2-diaminoethane (20 mmol, 1.34mL), 
ammonia (20 mmol, 0.37 mL) and formaldehyde (40 mmol, 
1.1 ImL) while stirring vigorously. The resulting mixture was 
further stirred and refluxed on a hot water-bath for ca. 80 
h. The solution was filtered to remove any insoluble 
material. The solution was allowed to stand at room 
temperature. Coloured crystals formed were filtered off, 
washed with ethanol and dried in vacuum. The pure product 
was readily obtained by fractional recrystallization of the 
crude product from methanol. 
Synthesis of Heterobimolecular Complexes: 
Potassium borohydride (0.196gm, 3.70 mmol) was 
added to (1.72gm, 3.70mmol) Zinc (II) macrocycle and 
(1.71gm, 3.70 mmol) Cu(II) macrocycle were refluxed in 
dry DMF in 50mL about 12 hr. until 7.40 mmol. hydrogen 
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gas had been evolved. This reaction mixture on cooling to 
0-5°C temperature in refrigerator yielded a grey powder 
which was washed with dry ethanol and dried under vacuum. 
Ni-Zn Borate has also been prepared by the same 
method. 
Synthesis of N,N-dihydrobis (8-hydro-3,6,8, 10 ,13 
hexaazacyclotetradecanyl) nickel<")-copper(") borate 
chloride 
Potassium borohydride (10 mmol, 0.53g) was added to 
(20 mmol, 9.19g) nickel™ macrocycle and (20 mmol, 9.29g) 
copper'"^ macrocycle in (50mL) dry DMF in a (250 mL) round 
bottom flask. The mixture was refluxed for ca. 12 h. The 
reaction proceeded with evolution of hydrogen gas and the 
volume of the gas collected over water was almost equal 
to the calculated volume. When the gas ceases to evolve 
the contents of the flask were stirred, viscous mass thus 
obtained (Fig. 28) was poured in (250 mL) toluene. The 
mixture was filtered and washed with hot toluene and finally 
flushed with hexane. 
RESULTS AND DISCUSSION 
The hetero bimolecular borates have been prepared 
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according to the following equations 
A 
(i) 2en + 4HCHO+MCI2 + 2NH3 ^>M-(L).Cl2+4H20 
refluxed 
where M = Cu{ll), Nidi) and Zndl) 
L= macrocycle(Cg H^^ ^e) 
en= ethylenediamine 
DMF 
(ii) M(L)X2+KBH,+M'(L)X2 >[M{L)-BH2M'(L)]Cl3 
A,-R,t 
where M = Cu(II) or Ni(II) and X = CI 
M' = Nidi), Zndl) 
The colour, melting points and analytical data of all 
the compounds are given in (Table 12). Elemental analysis 
are in good agreement with the proposed composition of 
the borates. All the borates are soluble in DMSO. The molar 
conductance of these borates in DMSO show that all the 
hetrobimolecular complexes are 1:3 electrolytes^''^' (172-180 
ohm"^ cm^ mol"^). 
Infrared Spectra 
The NH stretching frequencies have been observed at 
3330, 3240 cm^ and 3320, 3245 cm^ for nickel"", 
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copper*'" and zinc"" macrocycles (Table 13). The far i.r. 
spectra of the heterobimolecular complexes display bands at 
410, 425 and 435 cm'^ have been assigned to Cu-N,Ni-N 
and Zn-N stretching vibration, respectively.'^^'*"^^*' 
The NH stretching frequencies of nickel*"', copper*'" and 
zinc*'" macrocyclic ligands did not show any shift. The 
characteristics bands of nickel*'", copper*'" and zinc*'" 
macrocycles have been observed in the same frequency 
region. 
The formation of heterobimolecular borates by the 
hydrogen ion at position 1 in the cyclam ring is removed 
together with the hydrogen ion of the potassium 
borohydride. The i.r. spectra of these heterobimolecular 
borates shows band in the 2440-2390 cm^ region due to 
vBH.*^ '^"^*^ ' A strong band appearing in the range 1400-
1420 cm-^ has been assigned to v(B-N).<i'*i' The other 
characteristics frequencies of the macrocytic ligands did not 
show any significant change. 
NMR 
The ^H nmr spectral data of heterobimolecular borates 
is given below. 
1U6 
62.65-2.72(m,16H,CH2), 53.85-3.91(m, 16H, CHg), 56.90(S,10H, 
NH).-6.9-1.25, (2H,-BH2-) 
Electronic Spectra and Magnetic Moment 
The nickel (11) and Zinc(II) borate is diamagnetic. The 
electronic spectrum of the complex shows two bands at 
22,720 cm-^ assigned to ^B^^< A^^ ^ and ^A2g< ^A^^  
transitions, respectively (Table 14). In addition one charge 
transfer band at 30,300 cm"^  has also been observed. These 
bands indicate the square planar geometry around nickel*"'.'^'*^' 
In the case of copper'"' complex the jieff value of 1.87 B.M. 
is well within the range of square planar configuration.'^"^^^ 
The electronic spectrum shows one strong band at 
19,200cm^ along with a shoulder at 13,900 cm-^ assigned 
to ^Ajg< ^Bjg and ^Ejg< ^E^^ transitions, respectively. 
These bands are also in agreement with square planar 
geometry around copper'"' ion. 
EPR Spectra: 
EPR spectra of the copper complexes have been 
recorded at room temperature and all complexes gave same 
type of spectrum. The g values in the region g„=2.10-2.15 
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and g, = 2 .03-2 .09 respectively, indicate square planar 
geometry for copper complexes.'^'*'*' 
SOD Activity: 
The effect of [Cu(L)BH2Zn(L)]Ci3 on superoxide 
generation by xanthine oxidase is given in (Fig. 29). The 
increasing dose of [CuiUBHgZnIUlClg decreased superoxide 
anion generation dose dependently. The decrease in 
superoxide anion generation was linear upto a concentration 
of 0.5 pM. The effect of [Cu(L)BH2Zn{L)lCl3 on Fe^^-
ascorbate-induced DNA damage was also studied. 
The dismutation of superoxide anion produced by 
xanthine-xanthine oxidase system may be because of 
interaction of superoxide anion with the Cu{II) complex 
which might be reduced as a result of transference of an 
electron from superoxide anion to the copper moiety of the 
complex. However, it remains to be determined whether 
another molecule of superoxide anion could be able to 
reoxidise it to regenerate the active complex. The 
determination of generation of HgOg in this system could 
have been an answer to such a question. The inhibition of 
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DNA damage may be due to the interaction of oxidants 
generated in the system with the Cu(II) complex 
[Cu(L)BH2Zn{L)]Cl3 However, the observed decrease 
inhibitory potential of [CulUBHgZnlUlClg beyond 0.08 \iM 
may be due to the availability of enough Cu(I) in the system 
that might have acted as a Fenton reagent by itself to 
augment the damage. 
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